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A fTocus adjustment device includes a focus detection region
setting section, a direction determination section and control
section. The focus detection region setting section sets focus
detection regions which are different 1n size from one
another. The direction determination section determines a
movement direction of a focus lens to be in focus based on
a change of the contrast caused by the movement of the
focus lens. The control section repetitively determines
whether determination results of the movement direction
obtained 1n the respective focus detection regions are dii-
terent. The control section inhibits a switchover of a focus
adjustment operation when 1t 1s consecutively determined a
predetermined number of times or more that the determina-

(Continued)

10
l

Ciaphragm System Di
— ; - splay elament
32 dive | controiler hlla df; : oLt 39
mechanism V6 GIrgl
21122 23 24 28~ Gyro-sensor |, =<1 +
— /1\ ﬁ ‘J cirout ceu Display element [~ 25
b Lo 1 Image Image sensor Touch
> sensor | IF cirouit | ] =12 panel ~26
:
_\JB { AF
%,3 34 control circuit +
FosUs Touch panel
31~} adjustment Shutter drive T it BRI S
mechanism mechanism | o “ drive clrout
t - 1 | control circuit
43~ Resording medium | ngzﬂi{:g .97
(memery card) ~14 suitoh
) | Image
4733~ Moving processing
1 imags file circuit
] SDRAM  ~-42
15
41~  FlashRom Y Face Work area [1—42a
dentification
st Program GEEUIL
code aaa 16
A 41p~}{ Contro e
1 nararmeter circuit




US 10,367,991 B2
Page 2

tion results of the movement direction are different, other-
wise the control section does not inhibit the switchover.
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FOCUS ADJUSTMENT DEVICE AND
CONTROL METHOD OF FOCUS
ADJUSTMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation Application of PCT

Application No. PCT/JP2016/054379, filed Feb. 16, 2016
and based upon and claiming the benefit of priority from
prior Japanese Patent Application No. 2015-077906, filed
Apr. 6, 20135, the entire contents of all of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a focus adjustment device
and a control method of a focus adjustment device.

2. Description of the Related Art

It 1s known that regarding an autofocus (AF) function of
an 1maging device, when a far subject and a near subject are
mixed 1n an AF area, 1t 1s generally diflicult to bring the near
subject into focus. Thus, there has been known a technique
regarding AF to also correctly bring the near subject into
focus 1 a far-and-near mixed subject in which the far
subject and the near subject are mixed.

For example, Jpn. Pat. Appln. KOKAI Publication No.
2010-107578 discloses the following technique. That is,
there are provided a first region which 1s an AF area, and a
second region which 1s an AF area included in the first
region. When in-focus 1s detected by use of image data in the
first region, an evaluation of in-focus using image data in the
second region 1s also made. In the far-and-near mixed
subject, a difference between the focus evaluation using the
first region and the focus evaluation using the second region
1s recognized. Accordingly, when diflerent tendencies are
recognized in the result of the focus evaluation using the
second region and the result of the focus evaluation using the
first region, a focus detection operation using 1mage data 1n
the second region 1s continued. Correct in-focus of the near
subject 1n the far-and-near mixed subject 1s obtained by this
method.

Furthermore, for example, Jpn. Pat. Appln. KOKAI Pub-
lication No. 2007-178480 discloses the following technique.
There are provided a normal area which 1s an AF area, and
a small area which 1s an AF area smaller than the normal
arca. An 1n-focus position using image data in the normal
area and an in-focus position using image data in the small
area are found. There 1s a difference between the in-focus
position by the normal area and the in-focus position by the
small area, the in-focus position by the small area 1s reliable,
and the 1n-focus position by the small area 1s at a shorter
distance than the i-focus position by the normal area, 1n
which case the in-focus position of the small area 1s adopted;
otherwise the in-focus position by the normal area 1is
adopted. Correct in-focus of the near subject 1n the far-and-
near mixed subject 1s obtained by this method as well.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, a focus
adjustment device includes an image sensor which recerves
a light flux passing through an imaging lens including a
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focus lens, performs 1imaging, and then generates an 1image
signal. The focus adjustment device performs a focus adjust-
ment 1n which the focus lens 1s moved on the basis of the
image signal. The focus adjustment device includes a focus
detection region setting section which sets focus detection
regions side a region to be imaged by the 1image sensor, at
least two of the focus detection regions having at least parts
in common and being different 1n size from one another; a
direction determination section which detects, regarding
cach of the focus detection regions, contrast of the image
signal 1 the focus detection region, and determines a
movement direction of the focus lens to be 1n focus on the
basis of a change of the contrast caused by the movement of
the focus lens; and a control section which causes the 1image
sensor to repeat an 1maging operation, and at the same time,
performs, on the basis of the movement direction, one of a
first focus adjustment operation to move the focus lens while
minutely vibrating the focus lens to perform the focus
adjustment, and a second focus adjustment operation to
perform the focus adjustment while moving the focus lens in
one direction. The control section repetitively determines
whether or not determination results of the movement direc-
tion obtained in the respective focus detection regions are
different while performing the first focus adjustment opera-
tion, and when 1t 1s consecutively determined a predeter-
mined number of times or more that the determination
results of the movement direction are different, the control
section 1nhibits a switchover from the first focus adjustment
operation to the second focus adjustment operation, whereas
when 1t 1s not consecutively determined a predetermined
number of times or more that the determination results of the
movement direction are different, the control section does
not inhibit the switchover.

According to an aspect of the present invention, a focus
adjustment device includes an 1mage sensor which receives
a light flux passing through an imaging lens including a
focus lens, performs imaging, and then generates an image
signal. The focus adjustment device performs a focus adjust-
ment 1n which the focus lens 1s moved on the basis of the
image signal. The focus adjustment device includes a focus
detection region setting section which sets focus detection
regions inside a region to be imaged by the 1mage sensor, at
least two of the focus detection regions having at least parts
in common and being different 1n size from one another; a
direction determination section which detects, regarding
cach of the focus detection regions, contrast of the image
signal 1 the focus detection region, and determines a
movement direction of the focus lens to be 1n focus on the
basis of a change of the contrast caused by the movement of
the focus lens; and a control section which causes the 1image
sensor to repeat an 1maging operation, and at the same time,
moves the focus lens while minutely vibrating the focus lens
to perform the focus adjustment, on the basis of contrast of
the focus detection region. The control section repetitively
determines whether or not determination results of the
movement direction obtained 1n the respective focus detec-
tion regions are different, and when 1t 1s consecutively
determined a predetermined number of times or more that
the determination results of the movement direction are
different, the control section performs a focus adjustment
operation by minute vibration of the focus lens on the basis
of the contrast of the focus detection region smaller 1n area
among the focus detection regions.

According to an aspect of the present invention, a control
method of a focus adjustment device 1s provided. The focus
adjustment device includes an 1mage sensor which recerves
a light flux passing through an imaging lens including a
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focus lens, performs 1imaging, and then generates an 1image
signal. The focus adjustment device performs a focus adjust-
ment 1n which the focus lens 1s moved on the basis of the
image signal. The method includes setting focus detection
regions inside a region to be 1imaged by the image sensor, at
least two of the focus detection regions having at least parts
in common and being different 1n size from one another;
detecting, regarding each of the focus detection regions,
contrast of the image signal 1n the focus detection region,
and determining a movement direction of the focus lens to
be 1in focus on the basis of a change of the contrast caused
by the movement of the focus lens; and causing the image
sensor to repeat an 1maging operation, and at the same time,
performing, on the basis of the movement direction, one of
a first focus adjustment operation to move the focus lens
while minutely vibrating the focus lens to perform the focus
adjustment, and a second focus adjustment operation to
perform the focus adjustment while moving the focus lens in
one direction. Whether or not determination results of the
movement direction obtained 1n the respective focus detec-
tion regions are diflerent 1s repetitively determined while the
first focus adjustment operation 1s performed, and when i1t 1s
consecutively determined a predetermined number of times
or more that the determination results of the movement
direction are different, a switchover from the first focus
adjustment operation to the second focus adjustment opera-
tion 1s inhibited, whereas when 1t 1s not consecutively
determined a predetermined number of times or more that
the determination results of the movement direction are
different, the switchover 1s not inhibited.

Advantages of the invention will be set forth in the
description which follows, and 1n part will be obvious from
the description, or may be learned by practice of the inven-
tion. The advantages of the mvention may be realized and
obtained by means of the instrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the mvention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the 1nvention.

FIG. 1 1s a block diagram showing an overview of a
configuration example of an 1imaging device according to
one embodiment;

FIG. 2 1s a graph illustrating wobbling drive of a focus
lens:

FIG. 3 1s a graph illustrating the wobbling drive of the
focus lens;

FIG. 4 1s a graph 1illustrating scan drive of the focus lens;

FIG. 5 1s a diagram 1llustrating an overview of a phase
transition between a wob phase, a search phase, and a wait
phase;

FIG. 6 1s a block diagram showing an overview of
functions of an AF control circuit;

FIG. 7 1s a picture illustrating a far-and-near mixed
subject;

FIG. 8 1s a graph 1llustrating the relation between a focus
lens position and a contrast value to be obtained 1n the
far-and-near mixed subject;

FI1G. 9 1s a diagram 1llustrating one example of an AF area
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FIG. 10 1s a flowchart showing one example of wob
control processing;

FIG. 11 1s a schematic diagram showing one example of
direction determination processing;

FIG. 12 1s a flowchart showing one example of the
direction determination processing;

FIG. 13 1s a table showing one example of a determination
method of an AF area movement direction;

FIG. 14 1s a table showing one example of a determination
method of an overall movement direction;

FIG. 15 1s a table showing one example of the determi-
nation method of the overall movement direction;

FIG. 16A 1s a flowchart showing one example of overall
direction determination processing;

FIG. 16B 1s a flowchart showing one example of the
overall direction determination processing;

FIG. 17 1s a flowchart showing one example of phase
transition determination processing;

FIG. 18 1s a flowchart showing one example of far-and-
near mixture determination processing; and

FIG. 19 1s a chart illustrating the transition of determina-
tion results of a normal state and a far-and-near mixture
state.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

One embodiment of the present invention i1s described
with reference to the drawings. An 1maging device accord-
ing to the present embodiment includes a function as a focus
adjustment device to perform a focus adjustment, and per-
forms an autofocus (AF) operation. In the 1maging device
according to the present embodiment, satisfactory moving
image AF 1s performed. Here, the moving image AF refers
to continuous AF which 1s intended to keep a subject in
focus during moving image recording. In the moving image
AF, how a focus lens moves 1s recorded in a moving image,
so that good appearance of moving 1mages to be recorded 1s
considered important. Here, conditions of the good appear-
ance ol the moving image AF are as follows: there 1s no
action which far exceeds an in-focus position when a focus
position 1s changed; AF does not sway when the imaging
device 1s panned or tilted; no action such as hunting 1is
performed due to uncertainty of AF; and no rapid action 1s
abruptly performed. Thus, “stability” 1s required in the
moving 1mage AF. A quick and abrupt action which 1s
required by AF for still image photography 1s not preferred
in the moving image AF. A “slow” and “steady” focus
operation 1s considered proper in the moving image AF.
However, it 1s naturally required to keep the subject in focus,
so that achieving both stability and tracking performance 1s
required.

An overview ol a configuration example of an 1maging
device 1 according to the present embodiment 1s shown 1n
FIG. 1. As shown 1n FIG. 1, the imaging device 1 comprises
a system controller 10 which controls the operation of each
part of the imaging device 1.

The imaging device 1 also comprises a lens group 21, a
diaphragm 22, a shutter 23, an 1mage sensor 24, a display
clement 25, a touch panel 26, a camera operating switch 27,
a gyro-sensor circuit 28, a focus adjustment mechanism 31,
a diaphragm drive mechanism 32, a shutter drive mechanism
33, an 1mage sensor IF circuit 34, a display element drive
circuit 35, and a touch panel drive circuit 36.

The lens group 21 as an 1maging lens includes multiple
lenses. The lens group 21 includes a focus lens for focus
adjustment. The focus of a subject image formed on the
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image sensor 24 1s adjusted by the movement of the focus
lens 1n an optical axis direction. The diaphragm 22 adjusts
the amount of light which enters the 1mage sensor 24 via the
lens group 21. An optical system including the lens group
21, the diaphragm 22, and others may be configured as an
interchangeable lens attachable to and detachable from the
main body of the imaging device 1. The shutter 23 1s
provided in front of the image sensor 24, and controls the
entrance of light into the image sensor 24 via the lens group
21. The image sensor 24 includes, for example, a CCD
image sensor or a CMOS 1mage sensor. The image sensor 24
receives a light flux which passes through the lens group 21,
that 1s, the subject image formed by the lens group 21, and
generates an 1mage signal by photoelectric conversion.

The focus adjustment mechanism 31 moves the focus lens
included 1n the lens group 21 1n the optical axis direction to
adjust focus under the control of the system controller 10.
The diaphragm drive mechanmism 32 drives the diaphragm 22
under the control of the system controller 10. The shutter
drive mechanism 33 drives the shutter 23 under the control
of the system controller 10. The 1mage sensor IF circuit 34
reads the image signal from the image sensor 24, and
outputs, to the system controller 10, image data converted
into a digital signal.

The display element 25 includes, for example, a liquid
crystal display. The display element 25 displays various
images such as live-view 1mages, taken images, and opera-
tional screens. The touch panel 26 1s provided on the display
clement 25, and acquires touch input by a user.

The display element drive circuit 35 controls a display
operation by the display element 25 under the control of the
system controller 10. The touch panel drive circuit 36
controls the acquisition of the touch mput by the touch panel
26 under the control of the system controller 10.

The camera operating switch 27 includes, for example, a
release switch, a record button, and a cross key to perform
various mputs. The camera operating switch 27 acquires an
input by the user, and transmits this input to the system
controller 10.

The gyro-sensor circuit 28 detects the attitude of the
imaging device 1. The gyro-sensor circuit 28 transmits
information regarding the attitude of the imaging device 1 to
the system controller 10. The gyro-sensor circuit 28 may not
only include an angular velocity sensor which detects an
angular velocity sensor but also include an acceleration
SENnsor.

The 1maging device 1 comprises a flash ROM 41, an
SDRAM 42, and a recording medium 43. The flash ROM 41
records a program code 41aq and a control parameter 415
which are used by, for example, the system controller 10 to
control the operation of the imaging device 1. The SDRAM
42 1s provided with a work area 42a which 1s a storage
region for use in the computation by the system controller
10. The recording medium 43 records data for still images
and moving image files 43a obtained by the imaging device
1. The recording medium 43 1s attachable to and detachable
from the imaging device 1.

The system controller 10 includes a central processing
unit (CPU) 11, an AF control circuit 12, an AE control circuit
13, an 1mage processing circuit 14, a face identification
circuit 15, and a moving image recording circuit 16.

The CPU 11 performs various computations by use of the
program code 41a and the control parameter 415 recorded in
the flash ROM 41. The AF control circuit 12 performs
various computations regarding AF, and controls the opera-
tions of the focus adjustment mechanism 31 and others. The
AE control circuit 13 performs various computations regard-
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ing exposure, and controls the operations of the diaphragm
drive mechanism 32, the shutter drive mechanism 33, and
others. The 1image processing circuit 14 subjects, to 1image
processing, image data generated 1n the 1mage sensor 24 and
acquired via the image sensor IF circuit 34. The face
identification circuit 135 performs face identification process-
ing to identify a face included 1n a subject imaged by the
image sensor 24. The moving image recording circuit 16
records, 1n the recording medium 43, data for moving
images which has been generated 1n the 1image sensor 24,
acquired via the image sensor IF circuit 34, and subjected to
the image processing 1n the image processing circuit 14. The
AF control circuit 12, the AE control circuit 13, the image
processing circuit 14, the face i1dentification circuit 15, the
moving image recording circuit 16, and others can be
configured by, for example, application specific integrated
circuits (ASIC).

In the 1imaging device 1 according to the present embodi-
ment, there are three kinds of phases as phases of an AF
operation: a wobbling phase (wob), a search phase (search),
and a wait phase (wait).

The AF operation performed in the wobbling phase 1s
described with reference to FIG. 2 and FIG. 3. In the
wobbling phase, the focus lens i1s, for example, minutely
driven alternately in a far direction and a near direction
frame by frame. The middle position of amplitude 1s gradu-
ally moved simultaneously with the minute wvibration,
whereby the focus 1s finely adjusted, or the direction of an
in-focus position 1s determined. Such driving of the focus
lens 1s referred to as wobbling drive (wobbling operation).

FIG. 2 1s a diagram 1llustrating a determination method of
the direction of the in-focus position by the wobbling drive.
In FIG. 2, a solid line indicates the change of the lens
position with respect to the elapse of time, and a broken line
indicates the contrast value of an 1image obtained at the lens
position. As indicated by the solid line 1n FIG. 2, a change
of the contrast value i1s obtained when the lens position
moves alternately in the far direction and the near direction.
The direction of the 1n-focus position can be determined on
the basis of the change of the contrast value. One of the far
and near directions 1n which the contrast value 1s higher 1s
the direction of the 1n-focus position.

When the amplitude amounts 1n the far direction and the
near direction of the lens position are greater, the change of
the contrast value 1s more easily detected, and the direction
determination 1s more easily made. On the other hand, when
the amplitude amounts are great, the movement of the focus
lens recorded 1 moving images 1s more easily visually
recognized. In contrast, when the amplitude amounts are
small, the movement of the focus lens recorded in the
moving images are diflicult to visually recognize, the change
of the contrast value 1s more diflicult to detect, and the
direction determination 1s more difficult. In the present
embodiment, the amplitude amounts are adjusted suitably to
subjects and photography conditions.

FIG. 3 1s a diagram 1illustrating a method of finely
adjusting the focus by the wobbling drive. In FIG. 3, a solid
line mdicates the change of the lens position with respect to
the elapse of time, and a broken line indicates the change of
the contrast value of an 1image obtained at the lens position.
When the focus 1s finely adjusted, the middle position of the
amplitude of the lens position moved in the far direction and
the near direction gradually moves, as shown in FIG. 3. This
movement 1s made on the basis of mformation about the
acquired contrast value so that the contrast value 1s maxi-
mized. The focus 1s finely adjusted by this movement. When
this movement amount 1s greater, in-focus 1s achieved
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carlier, but unnecessary movement of the focus lens
recorded 1n moving 1mages 1s more easily made. In contrast,
when this movement amount 1s smaller, it takes more time
to achieve in-focus, but unnecessary movement of the focus
lens recorded in moving 1images 1s not easily made.

The AF operation performed in the search phase 1s
described with reference to FIG. 4. In FIG. 4, a solid line
indicates the change of the lens position with respect to the
clapse of time, and a broken line indicates the change of the
contrast value of an 1mage obtained at the lens position. In
the search phase, the focus lens continuously moves 1n one
direction. Such driving of the focus lens 1s referred to as scan
drive (scan operation). When the focus lens 1s scan-driven,
the contrast value changes in accordance with the focus state
ol the focus lens. The 1n-focus position can be searched for
by the scan drive as well. Moreover, because the focus lens
only moves 1n one direction, the movement of the focus lens
by the scan drive 1s faster than the movement of the focus
lens by the wobbling drive.

Next, the transition of the control phases 1s described with
reference to FIG. 5. As described above, the control phases
according to the present embodiment include the wobbling
phase (wob), the search phase (search), and the wait phase
(wait). At the start of moving image recording, control 1s
started from the wobbling phase. In the wobbling phase,
when the lens position of the focus lens 1s determined to be
tar from the 1n-focus position, that 1s, when the peak of the
contrast value 1s determined to be far, the operation phase
makes the transition to the search phase. Due to the transi-
tion to the search phase, the lens position quickly moves to
the n-focus position. On the other hand, 1n the wobbling
phase, when the lens position 1s determined to be the
in-focus position, the operation phase makes the transition to
the wait phase, and the lens driving 1s stopped.

In the search phase, when the lens position 1s determined
to be located 1n the vicinity of the in-focus position, that 1s,
when the contrast value 1s determined to be located 1n the
vicinity of the peak, the operation phase makes the transition
to the wobbling phase. Then the lens position 1s moved to the
in-focus position by the wobbling drive. On the other hand,
in the search phase, when the lens position 1s determined to
be the in-focus position, that 1s, when 1t 1s determined that
the contrast value has reached the peak and the state 1s
stable, the operation phase makes the transition to the wait
phase, and the lens driving 1s stopped.

In the wait phase, when the motion of the imaging device
1 1s detected by the gyro, or there are a change 1n the contrast
value 1n an 1mage or a change in face information, that 1s,
when the change 1s detected, the operation phase makes the
transition to the wobbling phase. In this instance, the wob-
bling operation 1s resumed to maintain the in-focus state.

A functional block diagram of the AF control circuit 12
which controls the above-mentioned AF operation 1s shown
in FIG. 6. As shown 1n FIG. 6, the AF control circuit 12
includes a focus detection region setting section 121, a
direction determination section 122, a control section 123,
an attitude change determination section 124, and a subject
status determination section 125.

The focus detection region setting section 121 sets focus
detection regions 1n an 1mage obtained by the 1image sensor
24. Here, the multiple focus detection regions are set, and at
least two of the focus detection regions have at least parts 1n
common and are different 1n size from one another.

The direction determination section 122 performs the
tollowing processing for each of the focus detection regions
set by the focus detection region setting section 121. That 1s,
the direction determination section 122 detects the contrast
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of the image, and determines the movement direction of the
focus lens to be 1n focus on the basis of a change of the
contrast caused by the movement of the focus lens of the
lens group 21.

The control section 123 causes the 1mage sensor 24 to
repeat an 1maging operation, and at the same time, performs
one ol a first focus adjustment operation for the wobbling
drive of the focus lens and a second focus adjustment
operation for the scan drive of the focus lens, on the basis of
the movement direction determined by the direction deter-
mination section 122.

The attitude change determination section 124 acquires
attitude information from the gyro-sensor circuit 28, and
then determines whether or not there 1s an attitude change.
The subject status determination section 125 detects the
status of the subject on the basis of the image acquired by the
image sensor 24.

Next, an overview of the operation of the imaging device
1 according to the present embodiment 1s described.

The operation of the imaging device 1 according to the
present embodiment 1s highly advantageous to a far-and-
near mixed subject in particular. Here, the far-and-near
mixed subject refers to a subject 1n which a near-side subject
and a far-side subject are mixed in an AF area. One example
of the far-and-near mixed subject 1s shown 1n FIG. 7. In FIG.
7, a rectangle 1n the center shows an AF area 70. As shown
in FIG. 7, near-side subjects such as a tlower and a buttertly
and a far-side subject which 1s the background are mixed 1n
the AF area 70. A contrast value, that 1S, a contrast curve
obtained 1n the AF area 70 when the position of the focus
lens 1s moved for the far-and-near mixed subject as a target
1s as shown 1n FIG. 8. That 1s, two local maximum values of
contrast are recognized. In general, 11 an autofocus operation
1s performed for a subject which shows the contrast curve
shown 1n FIG. 8, the background more easily comes 1nto
focus, and the near subject tends to be unable to come into
focus due to the influence of the contrast of the background.
The imaging device 1 according to the present embodiment
can perform an autofocus operation whereby desired 1n-
focus 1s obtained, even for such a far-and-near mixed
subject.

Here, an AF area group 80 used in the present embodi-
ment 1s described with reference to FIG. 9. The AF area
group 80 includes a large area 81, a middle area 82, and nine
small arcas 83. Here, the small arcas 83 on the upper left
side, 1n the upper center, on the upper right side, on the
middle left side, in the middle center, on the middle right
side, on the lower left side, in the lower center, and on the
lower right side are referred to as a first small area 91, a
second small area 92, a third small area 93, a fourth small
area 94, a fifth small area 95, a sixth small area 96, a seventh
small area 97, an eighth small area 98, and a ninth small area
99, respectively. A total of eleven AF areas including the
large area 81, the middle area 82, and the nine small areas
83 are used together, so that suitable AF operations can be
performed for various subjects. It 1s to be noted that the large
arca 81 has any size i relation to an 1mage size. For
example, the large area 81 1s set to about the size of the AF
area 70 shown 1n FIG. 7.

Thus, 1n the present embodiment, the focus detection
region setting section 121 sets, inside an imaging region, the
focus detection regions at least two of which have at least
parts in common and which are different in size from one
another.

When the AF area 1s smaller, there 1s a lower possibility
of far-and-near mixture in this AF area. Moreover, 11 more
than one small area are prepared 1n a focus evaluation, small
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subjects can be more actively evaluated. On the other hand,
when the AF area 1s smaller, there 1s a greater change 1n the
contrast evaluation value due to the motion of the subject,
hand movement, or the like. As a result, there 1s a possibility
of deterioration in AF accuracy and stability. Accordingly, 1n
the present embodiment, the middle area 82 and the large
area 81 are also used 1n the focus evaluation, and both AF
accuracy and stability for the far-and-near mixed subject are
achieved.

Furthermore, in the present embodiment, there 1s a dif-
terence 1n the transition of the control phases described with
reference to FIG. § between the far-and-near mixed subject
and other subjects. That 1s, 1n the case of the far-and-near
mixed subject, the wobbling drive permits better appearance
of moving 1mages and various AF determinations of higher
stability than the scan drive. As a result, the AF operation 1s
more stable. Accordingly, 1n the present embodiment, the
phase transition from the wobbling phase to the search phase
1s more 1nhibited when the subject 1s determined to be a
far-and-near mixed subject than when the subject 1s not
determined to be a far-and-near mixed subject.

Next, details of the operation of the imaging device 1
according to the present embodiment are described.

Wob control processing performed 1n the wobbling phase
1s described with reference to a flowchart shown 1n FIG. 10.
The processing shown in FIG. 10 1s processing regarding AF
performed once every frame in the wobbling phase.

In step S101, the AF control circuit 12 performs end point
determination processing. That 1s, the AF control circuit 12
determines whether or not the lens position of the focus lens
has reached an end point. When the lens position has reached
the end point, the AF control circuit 12 causes the operation
phase to make the transition to the wait phase or continues
the wobbling phase in accordance with the adaptability to
predetermined conditions.

In step S102, the AF control circuit 12 performs in-focus
determination processing. That 1s, the AF control circuit 12
determines whether or not the current state 1s the in-focus
state from the history of the lens position by the wobbling
drive, the absolute value of the current contrast evaluation
value, and the change rate of the contrast evaluation value.
When 1t 1s determined that the in-focus 1s achieved, the AF
control circuit 12 causes the operation phase to make the
transition to the wait phase.

In step S103, the AF control circuit 12 performs direction
determination processing. That 1s, the AF control circuit 12
determines whether to move the focus position to the near
side or the far side, by using the contrast evaluation values
of a total of eleven AF areas including the nine small areas
83, the middle area 82, and the large area 81. Here, the
direction determination result of each of all the AF areas 1s
held. The direction determination result 1s held as “near” in
which the focus position 1s moved to the near side, “far” in
which the focus position 1s moved to the far side, or
“indeterminate” 1 which it 1s not known whether to move
the focus position to the near side or the far side.

In step S104, the AF control circuit 12 performs lens drive
setting processing. That 1s, the AF control circuit 12 per-
forms various settings regarding the wobbling drive to be
performed 1n the next frame, on the basis of the result of the
direction determination processing in step S103. For
example, the movement direction 1s reversed 1f the direction
determination result 1s opposite to the current movement
direction, whereas the movement in the same direction 1s
continued i1 the direction determination result 1s the same as
the current movement direction.
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In step S105, the AF control circuit 12 performs phase
transition determination processing. That 1s, the AF control
circuit 12 determines whether to make the transition to the
search phase in the next frame or continue the wobbling
phase, for example, from the history of the direction deter-
mination results from the past, and the history of the lens
drive by the wobbling drive.

Next, the direction determination processing performed 1n
step S103 1s described. A conceptual diagram of the direc-
tion determination processing 1s shown in FIG. 11. As
described above, the direction determination results are
decided on the basis of the direction determination results
obtained 1n a total of eleven AF areas including the nine
small areas 83, the middle area 82, and the large area 81. In
each of the eleven AF areas, the direction determination
result 1s decided on the basis of the contrast evaluation value
calculated by use of three kinds of high pass filters (HPFs),
as shown 1n FIG. 11. Here, the HPFs are referred to as the
first HPF, the second HPF, and the third HPF, in ascending
order of cut-ofl frequency. Thus, the direction determination
decided by use of the AF area group 80 has a hierarchical
structure.

One example of the direction determination processing 1s
described with reference to a flowchart shown 1 FIG. 12.

The processing 1n step S201 to step S206 15 repetitive
processing performed 1n each of the eleven AF areas. That
1s, 1 step S201, the AF control circuit 12 decides the AF area
for which a direction determination 1s performed. For
example, the following processing 1s performed for each of
the small areas 83 from the first small area 91 1n order, and
then the following processing i1s performed for the middle
arca 82 and the large area 81 1n order.

The processing 1n step S202 to step S204 15 repetitive
processing performed in each of the three kinds of HPFs.
That 1s, 1n step S202, the AF control circuit 12 decides the
HPF for which a direction determination 1s performed. For
example, the direction determinations are performed for the
first HPF, the second HPF, and the third HPF 1n order.

In step S203, the AF control circuit 12 performs the
direction determination processing for each HPF. That 1s, the
AF control circuit 12 decides the movement direction of the
focus lens necessary for in-focus, on the basis of the change
of the contrast evaluation value by the wobbling drive. That
1s, for example, when the difference of the contrast evalu-
ation values for three frames 1s within a predetermined
change amount, the direction determination result for each
HPF 1s made determinate by the movement direction of the
focus lens. When the change amount of the contrast evalu-
ation value 1s within or out of a predetermined range of
change amount, the direction determination result 1s decided
to be indeterminate. This 1s because it 1s determined that the
change 1s made by hand movement or subject movement
when the change amount 1s out of the predetermined range.

In step S204, the AF control circuit 12 changes the HPF's
to return the processing to step S202. That 1s, the processing
in step S202 to step S204 1s repeated three times so that the
determination result of the movement direction in the case of
the use of the first HPF, the determination result of the
movement direction in the case of the use of the second HPF,
and the determination result of the movement direction 1n
the case of the use of the third HPF are obtained.

In step S205, the AF control circuit 12 performs the
direction determination processing for each area. That 1s, the
AF control circuit 12 decides the direction determination
result for each AF area, on the basis of the direction
determination result obtained 1n the case of the use of the
first HPE, the direction determination result obtained in the
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case ol the use of the second HPE, and the direction
determination result obtained 1n the case of the use of the
third HPF.

One example of a determination method of the direction
determination result of each AF area i1s described with
retference to FIG. 13. The direction determination section
122 of the AF control circuit 12 decides the direction
determination results of the AF areas in accordance with a
priority order shown in FIG. 13. That 1s, the direction
determination section 122 first determines whether or not the
direction determination result obtained by use of the third
HPF corresponds to the direction determination result
obtained by use of the second HPF. When these direction
determination results correspond to each other, the direction
determination section 122 decides on these corresponding
direction determination results.

When the direction determination result obtained by use
of the third HPF does not correspond to the direction
determination result obtained by use of the second HPF, the
direction determination section 122 determines whether or
not the direction determination result obtained by use of the
third HPF corresponds to the direction determination result
obtained by use of the first HPF. When these direction
determination results correspond to each other, the direction
determination section 122 decides on these corresponding
direction determination results.

When the direction determination result obtained by use
of the third HPF does not correspond to the direction
determination result obtained by use of the first HPE, the
direction determination section 122 determines whether or
not the direction determination result obtained by use of the
second HPF corresponds to the direction determination
result obtained by use of the first HPF. When these direction
determination results correspond to each other, the direction
determination section 122 decides on these corresponding
direction determination results.

When the direction determination result obtained by use
of the second HPF does not correspond to the direction
determination result obtained by use of the first HPF, the
direction determination section 122 determines whether or
not the direction determination result obtained by use of the
third HPF 1s indeterminate. When the direction determina-
tion result obtained by use of the third HPF 1s not indeter-
minate, the direction determination section 122 decides on
the direction determination result obtained by use of the
third HPF.

When the direction determination result obtained by use
of the third HPF is indeterminate, the direction determina-
tion section 122 determines whether or not the direction
determination result obtained by use of the second HPF 1is
indeterminate. When the direction determination result
obtained by use of the second HPF 1s not indeterminate, the
direction determination section 122 decides that the move-
ment direction 1s the direction determination result obtained
by use of the second HPF.

When the direction determination result obtained by use
of the second HPF 1s indeterminate, the direction determi-
nation section 122 determines whether or not the direction
determination result obtained by use of the first HPF 1s
indeterminate. When the direction determination result
obtained by use of the first HPF 1s not indeterminate, the
direction determination section 122 decides on the direction
determination result obtained by use of the first HPF. When
the direction determination result obtained by use of the first
HPF 1s indeterminate, the direction determination section
122 decides that the direction determination result 1s 1nde-
terminate.
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It 1s to be noted that 1n the direction determinations of the
small areas 83, the direction determination section 122
concludes that the direction determination results regarding
all the small areas 83 are “indeterminate” when the attitude
change determination section 124 detects an output of the
gyro-sensor equal to or more than a predetermined value
regarding the detection result by the gyro-sensor circuit 28.
Moreover, when the subject status determination section 125
recognizes a high-luminance light source 1n one of the small
areas 83 or detects a motion vector regarding an 1mage 1n
one of the small areas 83, the direction determination section
122 concludes that the direction determination results
regarding all the small areas 83 are “indeterminate”. Further,
in the direction determinations of the small areas 83, when
the subject status determination section 125 determines that
there 1s a low-luminance small area 83, there 1s a low-
contrast small arca 83, or there 1s a small area 83 having a
contrast change amount higher than a predetermined value,
the direction determination section 122 concludes that the
direction determination result regarding the corresponding
small area 83 1s “indeterminate”.

Returning to the flowchart shown 1n FIG. 12, the descrip-
tion continues. In step S206, the AF control circuit 12
changes the AF areas to return the processing to step S201.
That 1s, the processing 1n step S201 to step S206 1s repeated
for the eleven AF areas. As a result, the direction determi-
nation result regarding each of the AF areas 1s obtained.

In step S207, the AF control circuit 12 performs overall
direction determination processing. That 1s, the AF control
circuit 12 decides an overall direction determination result
on the basis of the direction determination result regarding
cach of the AF areas. One example of a determination
method of an overall movement direction 1s described with
reference to FIG. 14. The overall direction determination
result 1s decided 1n accordance with a priority order shown
in FIG. 14.

That 1s, the direction determination section 122 first
determines whether or not the direction determination result
regarding the fifth small area 95 1s near. When the direction
determination result 1s near, the direction determination
section 122 decides that the overall direction determination
result 1s near. When the direction determination result
regarding the fifth small area 95 1s not near, the direction
determination section 122 determines whether or not the
direction determination result regarding the eighth small
area 98 1s near. When the direction determination result 1s
near, the direction determination section 122 decides that the
overall direction determination result 1s near. When the
direction determination result regarding the eighth small
area 98 1s not near, the direction determination section 122
determines whether or not the direction determination result
regarding the fourth small area 94 1s near. When the direc-
tion determination result 1s near, the direction determination
section 122 decides that the overall direction determination
result 1s near. Similarly, the direction determination section
122 determines whether or not the direction determination
results regarding the AF areas are near in the order of the
sixth small area 96, the second small area 92, the seventh
small area 97, the ninth small area 99, the first small area 91,
the third small area 93, the middle area 82, and the large area
81. When at least one of the direction determination results
1s near, the direction determination section 122 decides that
the overall direction determination result 1s near.

On the other hand, when none of the direction determi-
nation results regarding the eleven AF areas are near, the
direction determination section 122 determines whether or
not the direction determination result regarding the fifth
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small area 95 1s far. When the direction determination result
1s far, the direction determination section 122 decides that
the overall direction determination result 1s far. When the
direction determination result regarding the fitth small area
05 1s not far, the direction determination section 122 deter-
mines whether or not the direction determination result
regarding the eighth small area 98 1s far. When the direction
determination result 1s far, the direction determination sec-
tion 122 decides that the overall direction determination
result 1s far. When the direction determination result regard-
ing the eighth small area 98 1s not far, the direction deter-
mination section 122 determines whether or not the direction
determination result regarding the fourth small area 94 1s far.
When the direction determination result 1s far, the direction
determination section 122 decides that the overall direction
determination result 1s far. Similarly, the direction determi-
nation section 122 determines whether or not the direction
determination results regarding the AF areas are far in the
order of the sixth small area 96, the second small area 92, the
seventh small area 97, the ninth small area 99, the first small
area 91, the third small area 93, the middle area 82, and the
large areca 81. When at least one of the direction determi-
nation results 1s far, the direction determination section 122
decides that the overall direction determination result 1s far.
On the other hand, when none of the direction determination
results regarding the eleven AF areas are far, the direction
determination section 122 decides that the overall direction
determination result 1s indeterminate. The overall direction
determination result 1s decided as above. This 1s the end of
the overall direction determination processing, and the pro-
cessing returns to the direction determination processing
described with reference to FIG. 12.

In the example described above, a higher priority order 1s
set on the sides closer to the center, and a higher priority
order 1s set on the lower sides than on the upper sides. One
reason for this 1s that composition 1s often decided so that the
subject of attention 1s disposed 1n the center, and the subject
of attention 1s often located 1n the lower part of the image
rather than 1n the upper part. Another reason 1s that the near
subject 1s often present 1n the lower part of the image rather
than in the upper part.

Another example of the overall direction determination
processing performed 1n step S207 1s described with refer-
ence to FIG. 15, FIG. 16A, and FIG. 16B. The overall
direction determination result 1s decided 1n accordance with
a priority order shown in FIG. 15. Therefore, the direction
determination section 122 performs the processing in the
flowchart shown 1 FIG. 16 A and FIG. 16B.

In step S301, the direction determination section 122
determines whether or not the direction determination
results regarding three or more small areas 83 including the
fifth small area 95 are near. When the direction determina-
tion results regarding three or more small areas 83 including
the fifth small area 95 are near, the processing proceeds to
step S313. That 1s, the direction determination section 122
decides that the overall direction determination result is
near. When the direction determination results regarding
three or more small areas 83 including the fifth small area 95
are not near, the processing proceeds to step S302.

In step S302, the direction determination section 122
determines whether or not the direction determination
results regarding three or more small areas 83 excluding the
fifth small area 95 are near. When the direction determina-
tion results regarding three or more small areas 83 excluding,
the fifth small area 95 are near, the processing proceeds to
step S313. That 1s, the direction determination section 122
decides that the overall direction determination result is
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near. When the direction determination results regarding
three or more small areas 83 excluding the fifth small area
95 are not near, the processing proceeds to step S303.

In step S303, the direction determination section 122
determines whether or not the direction determination
results regarding two small areas 83 including the fifth small
area 95 are near. When the direction determination results
regarding two small areas 83 including the fifth small area
95 are near, the processing proceeds to step S313. That 1s,
the direction determination section 122 decides that the
overall direction determination result 1s near. When the
direction determination results regarding two small areas 83
including the fifth small area 935 are not near, the processing
proceeds to step S304.

In step S304, the direction determination section 122
determines whether or not the direction determination
results regarding four or more small areas 83 including the
fifth small area 95 are far. When the direction determination
results regarding four or more small areas 83 including the
fifth small area 95 are far, the processing proceeds to step
S314. That 1s, the direction determination section 122
decides that the overall direction determination result 1s far.
When the direction determination results regarding four or
more small areas 83 including the fifth small area 95 are not
far, the processing proceeds to step S305.

In step S305, the direction determination section 122
determines whether or not the direction determination result
regarding the fifth small area 95 1s near. When the direction
determination result regarding the fifth small area 95 1s near,
the processing proceeds to step S313. That i1s, the direction
determination section 122 decides that the overall direction
determination result 1s near. When the direction determina-
tion result regarding the fifth small area 95 i1s not near, the
processing proceeds to step S306.

In step S306, the direction determination section 122
determines whether or not the direction determination
results regarding the eighth small area 98 and the seventh
small area 97, the direction determination results regarding
the eighth small area 98 and the ninth small area 99, the
direction determination results regarding the fourth small
area 94 and the seventh small area 97, or the direction
determination results regarding the sixth small area 96 and
the ninth small area 99 are near. When one of the direction
determination results 1s near, the processing proceeds to step
S313. That 1s, the direction determination section 122
decides that the overall direction determination result is
near. When all of the direction determination results are not
near, the processing proceeds to step S307.

In step S307, the direction determination section 122
determines whether or not the direction determination result
regarding the middle area 82 1s near. When the direction
determination result regarding the middle area 82 1s near, the
processing proceeds to step S313. That 1s, the direction
determination section 122 decides that the overall direction
determination result 1s near. When the direction determina-
tion result regarding the middle area 82 1s not near, the
processing proceeds to step S308.

In step S308, the direction determination section 122
determines whether or not the direction determination result
regarding the large area 81 i1s near. When the direction
determination result regarding the large area 81 1s near, the
processing proceeds to step S313. That 1s, the direction
determination section 122 decides that the overall direction
determination result 1s near. When the direction determina-
tion result regarding the large area 81 1s not near, the
processing proceeds to step S309.
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In step S309, the direction determination section 122
determines whether or not the direction determination result
regarding the fifth small area 95 1s far. When the direction
determination result regarding the fifth small area 95 1s far,
the processing proceeds to step S314. That 1s, the direction
determination section 122 decides that the overall direction
determination result 1s far. When the movement direction
regarding the fifth small area 95 1s not near, the processing
proceeds to step S310.

In step S310, the direction determination section 122

determines whether or not the direction determination result
regarding the middle areca 82 1s far. When the direction
determination result regarding the middle area 82 1s far, the
processing proceeds to step S314. That 1s, the direction
determination section 122 decides that the overall direction
determination result 1s far. When the direction determination
result regarding the middle area 82 is not far, the processing,
proceeds to step S311.

In step S311, the direction determination section 122
determines whether or not the direction determination result
regarding the large arca 81 1s far. When the direction
determination result regarding the large area 81 1s far, the
processing proceeds to step S314. That 1s, the direction
determination section 122 decides that the overall direction
determination result 1s far. When the direction determination
result regarding the large area 81 1s not far, the processing
proceeds to step S312.

In step S312, the direction determination section 122
determines whether or not the direction determination result
regarding the eighth small area 98, the fourth small area 94,
the sixth small area 96, the second small area 92, the seventh
small area 97, the ninth small area 99, the first small area 91,
or the third small area 93 1s far. When the direction deter-
mination results regarding at least one of these small areas
1s far, the processing proceeds to step S314. That 1s, the
direction determination section 122 decides that the overall
direction determination result 1s far. When the direction
determination results regarding these small areas are not far,
the processing proceeds to step S315.

In step S313, the direction determination section 122
decides that the direction determination result 1s near, as
described above. Further, i step S314, the direction deter-
mination section 122 decides that the direction determina-
tion result 1s far, as described above. In step S315, the
direction determination section 122 decides that the direc-
tion determination result 1s indeterminate. After the process-
ing 1 step S313, step S314, or step S315, the overall
direction determination processing ends, and the processing
returns to the direction determination processing described
with reference to FIG. 12.

Thus, 1n the present embodiment, the determination result
of the movement direction regarding the small area 83
smaller 1n area among the AF areas 1s adopted by priority.

It 1s to be noted that a majority decision of the results of
the direction determinations of the AF areas may be adopted
to create a priority order table. Moreover, regarding the far
direction determinations, the middle areca 82 and the large
area 81 may be given priority over the small area 83 to place
great importance on the stability of AF.

After step S207, the direction determination processing
ends, as shown 1n FIG. 12. Then the processing returns to the
processing described with reference to FIG. 10.

Next, the phase transition determination processing per-
formed 1n step S105 1s described. FIG. 17 1s a flowchart
showing one example of the phase transition determination
processing.
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In step S401, the control section 123 of the AF control
circuit 12 determines whether or not the in-focus position 1s
estimated to be near. Whether or not the in-focus position 1s
near 1s decided, for example, on the basis of the history of
the lens position by the wobbling drive, the absolute value
of the contrast evaluation value, and the change rate of the
contrast evaluation value. When the in-focus position 1is
estimated to be near, the processing proceeds to step S408.
In step S408, the control section 123 decides to continue the
wobbling phase (wob). I the transition 1s made to the search
phase (search) in the case where the in-focus position 1s near,
there 1s a possibility of passing the in-focus position, so that
the wobbling phase 1s continued.

When the 1n-focus position 1s not estimated to be near 1n
step S401, the processing proceeds to step S402. In step
S402, the control section 123 determines whether or not the
lens group 21 1s a wide-angle lens and has a short stroke.
Here, the distance from the near end to far end of the focus
lens 1s divided by an allowable defocus amount, and a value
thus obtained 1s used as the stroke. When the lens group 21
1s a wide-angle lens and has a short stroke, the processing
proceeds to step S408. As a result, the wobbling phase 1s
continued. As long as the depth of field 1s great and the
stroke 1s short, there 1s no slowness of AF without even the
transition to the search phase. In contrast, when the transi-
tion 1s made to the search phase, there 1s a high possibility
ol extremely passing the in-focus position, and appearance
might deteriorate.

When it 1s determined 1n step S402 that the lens group 21
1s not a wide-angle lens or does not have a short stroke, the
processing proceeds to step S403. In step S403, the control
section 123 performs far-and-near mixture determination
processing. The far-and-near mixture determination process-
ing 1s processing to determine whether the state of the
subject 1s a far-and-near mixture state or a normal state. The
far-and-near mixture determination processing will be
described later.

In step S404, the control section 123 determines whether
or not the state of the subject 1s the far-and-near mixture
state. When the state 1s the far-and-near mixture state, the
processing proceeds to step S408. As a result, the wobbling
phase 1s continued. When 1t 1s determined that the state of
the subject 1s the far-and-near mixture state, the pictures
have good appearance if the AF operation 1s elaborately
performed by the wobbling drive. In the far-and-near mix-
ture state, the wobbling drive permits various determinations
of AF to be more stable, and causes less uncertainty of AF.

When 1t 1s determined 1n step S404 that the state 1s not the
far-and-near mixture state, the processing proceeds to step
S405. In step S405, the control section 123 determines
whether or not the direction of the in-focus position 1s
determinate. When the direction of the in-focus position 1s
determinate, the processing proceeds to step S407. In step
S407, the control section 123 decides to shift to the search
phase (search). When the direction of the m-focus position
has been made determinate by the wobbling drive, it 1s
preferable to make the transition to the search phase and
smoothly perform AF toward the vicinity of the in-focus
position by the scan drive.

When 1t 1s determined 1n step S403 that the direction of
the in-focus position 1s not determinate, the processing
proceeds to step S406. In step S406, the control section 123
determines whether or not the subject has low contrast.
When the subject does not have low contrast, the processing
proceeds to step S408. That 1s, the wobbling phase 1s
continued.
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When 1t 1s determined 1n step S406 that the subject has
low contrast, the processing proceeds to step S407. In step
S407, the control section 123 causes the operation phase to
make the transition to the search phase, as described above.
When the subject has low contrast, there 1s a high possibility
that a correct conclusion may not be obtained by the
direction determination even if the wob drive 1s continued.
Thus, the operation phase 1s changed to the search phase,
and the scan drive 1s performed, to search for the in-focus
position.

In step S408, the control section 123 keeps the operation
phase 1n the wobbling phase, and continues the wobbling
drive, as described above. After step S407 or step S408, the
phase transition determination processing ends, and the
processing returns to the processing described with refer-
ence to FIG. 10.

Next, the far-and-near mixture determination processing
performed 1n step S403 1s described with reference to a
flowchart shown 1n FIG. 18.

In step S501, the control section 123 determines whether
or not it 1s determined 1n the preceding determination that
the state 1s the far-and-near mixture state. It 1s to be noted
that 1n the mitial far-and-near mixture determination pro-
cessing, the subject state 1s set to a normal subject state.
When the preceding determination 1s that the state 1s not the
far-and-near mixture state, the processing proceeds to step
S502.

In step S502, the control section 123 determines whether
or not the direction determination result of at least one of the
small areas 83 1s different from the direction determination
result of the middle arca 82 or the large area 81. For
example, the direction determination result of the small area
83 1s near and the direction determination result of the
middle area 82 or the large area 81 1s {ar, it 1s determined that
these direction determination results are different. On the
other hand, when the direction determination result of the
small area 83 1s indeterminate, the direction determination
results are not determined to be different. It 1s to be noted
that the direction determination results are not determined to
be different either at the time of the nitial transition to the
wobbling phase. When the direction determination results
are different, the processing proceeds to step S503. In step
5503, the control section 123 counts up far-and-near mixture
determination counts for use in the far-and-near mixture
determination. Then the processing proceeds to step S504.

In step S504, the control section 123 determines whether
or not the far-and-near mixture determination counts are
equal to or more than a predetermined threshold. When it 1s
determined that the far-and-near mixture determination
counts are not equal to or more than the predetermined
threshold, the processing proceeds to step S307. On the
other hand, when the far-and-near mixture determination
counts are equal to or more than the predetermined thresh-
old, the processing proceeds to step S505. In step S505, the
control section 123 concludes that the subject state 1s the
far-and-near mixture state. Then the far-and-near mixture
determination processing ends, and the processing returns to
the phase transition determination processing.

When 1t 1s determined in step S3502 that the direction
determination result of the small area 83 1s not different from
the direction determination result of the middle area 82 or
the large area 81, the processing proceeds to step S506. In
step S506, the control section 123 resets the far-and-near
mixture determination counts to 0. Then the processing
proceeds to step S507.

In step S507, the control section 123 concludes that the
subject state 1s not the far-and-near mixture state but the
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normal state. Then the far-and-near mixture determination
processing ends, and the processing returns to the phase
transition determination processing.

In the determination in step S501, when the state 1s the
far-and-near mixture state in the preceding determination,
the processing proceeds to step S508. In step S508, the
control section 123 determines whether or not the subject
has changed. Here, when the change of the attitude of the
imaging device 1 measured by the gyro-sensor circuit 28 1s
great, 1t 1s determined that the subject has changed. It 1s also
determined that the subject has changed when the contrast
change of an acquired 1mage 1s great and continues for a
certamn time. It 1s also determined that the subject has
changed when the luminance change of the acquired image
1s great and continues for a certain time. When the subject
has changed, the processing proceeds to step S509. In step
5509, the control section 123 concludes that the subject state
1s the normal state. Then the far-and-near mixture determi-
nation processing ends, and the processing returns to the
phase transition determination processing.

When 1t 1s determined 1n step S508 that the subject has not
changed, the processing proceeds to step S510. In step S510,
the control section 123 concludes that the subject state
remains to be the far-and-near mixture state. Then the
far-and-near mixture determination processing ends, and the
processing returns to the phase transition determination
processing.

It 1s to be noted that when there 1s a change in the
detection result by the gyro-sensor circuit 28, when a
high-luminance light source 1s recognized in one of the
small areas 83, or when a motion vector 1s detected regard-
ing an 1mage 1n one of the small arecas 83, the direction
determination results regarding all the small arecas 83 are
“indeterminate”. Moreover, when 1t 1s determined that there
1s a low-luminance small area 83, when it 1s determined that
there 1s a low-contrast small area 83, or when 1t 1s deter-
mined that there 1s a small area 83 having a contrast change
amount higher than a predetermined value, the direction
determination result regarding the corresponding small area
83 1s “indeterminate”. Thus, 1n these cases, the far-and-near
mixture determination does not conclude, and it 1S con-
cluded that the subject state 1s the normal state.

According to the above far-and-near mixture determina-

tion processing, the transition 1s made to the far-and-near
mixture state if the far-and-near mixture counts exceed the
threshold in a state where 1t 1s determined that the subject
state 1s the normal state, as shown 1n FIG. 19. On the other
hand, when a subject change 1s detected in the far-and-near
mixture state, the transition 1s made to the normal state.
When 1t 1s determined by the far-and-near mixture deter-
mination processing which determines as above that the
state 1s the far-and-near mixture state, the processing pro-
ceeds to step S408, 1n step S404 of the phase transition
determination processing described with reference to FIG.
17. As a result, the wobbling phase 1s continued. That 1s, the
transition ifrom the wobbling phase to the search phase 1s
inhibited when the subject 1s the far-and-near mixed subject.
Furthermore, when 1t 1s determined that there 1s a subject
change after the transition from the wobbling phase to the
search phase 1s inhibited, 1t 1s determined that the subject
state 1s the normal state, so that the inhibition of the
transition from the wobbling phase to the search phase 1s
canceled. On the other hand, when 1t 1s determined that there
1s no subject change after the transition from the wobbling
phase to the search phase 1s mhibited, 1t 1s determined that
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the subject state 1s the far-and-near mixture state, so that the
inhibition of the transition from the wobbling phase to the
search phase 1s continued.

According to an AF control method in the present
embodiment, the shift from the wobbling phase to the search
phase 1s inhibited when the subject 1s the far-and-near mixed
subject, so that it 1s possible to acquire stable and accurate
moving 1images having good appearance.

Furthermore, when the shift from the wobbling phase to
the search phase 1s mnhibited, the direction determination
results by the small arecas 83 may be given prionty.

In the technique described above i the embodiment, the
control mainly described with reference to the tlowcharts
can be achieved by use of a program. This program can be
stored 1n a recording medium or a recording unit. There are
various methods of recording 1n the recording medium or the
recording unit, and the program may be recorded at the time
of product shipment, recorded by use of a distributed record-
ing medium, or recorded by use of downloading via the
Internet.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A focus adjustment device including an 1mage sensor
which receives a light flux passing through an 1imaging lens
including a focus lens, performs imaging, and then generates
an 1mage signal, the focus adjustment device performing a
focus adjustment 1n which the focus lens 1s moved on the
basis of the image signal, the focus adjustment device
comprising;

a focus detection region setting circuit which sets focus
detection regions inside a region to be imaged by the
image sensor, at least two of the focus detection regions
having at least parts in common and being different 1n
size {from one another;

a direction determination circuit which detects, regarding,
cach of the focus detection regions, contrast of the
image signal in the focus detection region, and deter-
mines a movement direction of the focus lens to be in
focus on the basis of a change of the contrast caused by
the movement of the focus lens; and

a control circuit which causes the image sensor to repeat
an 1maging operation to generate consecutive frames of
image data, and at the same time, performs, on the basis
of the movement direction, one of a first focus adjust-
ment operation to move the focus lens while minutely
vibrating the focus lens to perform the focus adjust-
ment, and a second focus adjustment operation to
perform the focus adjustment while moving the focus
lens 1n one direction,

wherein, while performing the first focus adjustment
operation, the control circuit repeatedly determines
whether or not the movement directions determined by
the direction determination circuit for the respective
focus detection regions are different from one another,
and responsive to determining, for at least a predeter-
mined number of consecutive frames ol 1image data,
that the movement directions for the respective focus
detection regions are different from one another, the
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control circuit inhibits a switchover from the first focus
adjustment operation to the second focus adjustment
operation.

2. The focus adjustment device according to claim 1,
wherein 1n the first focus adjustment operation or the second
focus adjustment operation, the circuit adopts, by priority,
the determination result of the movement direction regard-
ing the focus detection region smaller 1n area among the
focus detection regions.

3. The focus adjustment device according to claim 1,
further comprising an attitude change determination circuit
which acquires information regarding the attitude of the
focus adjustment device to determine whether or not there 1s
an attitude change,

wherein responsive to a determination by the attitude

change determination circuit that there 1s an attitude
change during the execution of the first focus adjust-
ment operation, the control circuit does not use the
determination result of the movement direction regard-
ing the focus detection region smaller 1n area among,
the focus detection regions, 1n the repeated determina-
tions of whether or not the movement directions for the
respective focus detection regions are different from
one another.

4. The focus adjustment device according to claim 3,
further comprising an angular velocity sensor or an accel-
eration sensor,

wherein the attitude change determination circuit deter-

mines that there 1s an attitude change when a change of
an output of the angular velocity sensor or the accel-

cration sensor 1s equal to or more than a predetermined
value.

5. The focus adjustment device according to claim 1,
further comprising a subject status determination circuit
which detects the status of a subject,

wherein when the subject status determination circuit

determines that the subject 1s 1n a predetermined status
during the execution of the first focus adjustment
operation, the control circuit does not use the determi-
nation result of the movement direction regarding the
focus detection region smaller 1n area among the focus
detection regions, 1 the repeated determinations of
whether or not the movement directions for the respec-
tive focus detection regions are different from one
another.

6. The focus adjustment device according to claim 3,
wherein when determining, on the basis of the image signal
output by the image sensor, that luminance of the subject 1s
lower than a predetermined value, that a value of the contrast
1s lower than a predetermined value, or that the subject
includes a light source, the subject status determination
circuit determines that the subject 1s in the predetermined
status.

7. The focus adjustment device according to claim 5,
wherein when determining, on the basis of the 1mage signal
repetitively output by the image sensor, that a change
amount ol a value of the contrast of the subject 1s higher than
a predetermined value, or that a change amount of a motion
vector 1s higher than a predetermined value, the subject
status determination circuit determines that the subject 1s 1n
the predetermined status.

8. The focus adjustment device according to claim 1,
further comprising an attitude change determination circuit
which acquires information regarding the attitude of the
focus adjustment device to determine whether or not there 1s
an attitude change,
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wherein after inhibiting the switchover, the control circuit
continues the inhibition of the switchover responsive to
a determination, by the attitude change determination
circuit, that the attitude change 1s small, and otherwise

the control circuit does not continue the inhibition of 3

the switchover responsive to a determination, by the
attitude change determination circuit, that the attitude
change 1s great.

9. The focus adjustment device according to claim 8,
turther comprising an angular velocity sensor or an accel-
eration sensor,

wherein the attitude change determination circuit deter-
mines that the attitude change 1s great when a change
of an output of the angular velocity sensor or the
acceleration sensor 1s equal to or more than a prede-
termined value.

10. The focus adjustment device according to claim 1,
further comprising a subject status determination circuit
which determines the status of a subject,

wherein after inhibiting the switchover, the control circuit
continues the inhibition of the switchover responsive to
a determination, by the subject status determination
circuit, that a change in the status of the subject is
small, and otherwise the control circuit does not con-
tinue the mmhibition of the switchover responsive to a
determination, by the subject status determination cir-
cuit, determines the change 1n the status of the subject
1s great.

11. The focus adjustment device according to claim 10,
wherein on the basis of the image signal repetitively output
by the 1mage sensor, the subject status determination circuit
determines that the change in the status of the subject 1s great
when a state where a change of a value of the contrast of the
subject 1s greater than a predetermined value continues for
a predetermined time or more, or when a state where a
change of luminance of the subject 1s greater than a prede-
termined value continues for a predetermined time or more.

12. A focus adjustment device including an 1image sensor
which receives a light flux passing through an 1imaging lens
including a focus lens, performs imaging, and then generates
an 1mage signal, the focus adjustment device performing a
focus adjustment 1n which the focus lens 1s moved on the
basis of the image signal, the focus adjustment device
comprising:

a Tfocus detection region setting circuit which sets focus
detection regions inside a region to be imaged by the
image sensor, at least two of the focus detection regions
having at least parts 1n common and being different in
size from one another;

a direction determination circuit which detects, regarding
cach of the focus detection regions, contrast of the
image signal in the focus detection region, and deter-
mines a movement direction of the focus lens to be in
focus on the basis of a change of the contrast caused by
the movement of the focus lens; and
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a control circuit which causes the 1mage sensor to repeat
an 1maging operation to generate consecutive frames of
image data, and at the same time, moves the focus lens

while minutely vibrating the focus lens to perform the
focus adjustment, on the basis of contrast of the focus
detection region,

wherein the control circuit repeatedly determines whether
or not determination results of the movement directions
determined by the direction determination circuit for

the respective focus detection regions are diflerent from
one another, and responsive to determining, for at least
a predetermined number of consecutive frames of
image data, that the movement directions for the
respective focus detection regions are different from
one another, the control circuit performs a focus adjust-
ment operation by minute vibration of the focus lens on
the basis of the contrast of the focus detection region
smaller 1n area among the focus detection regions.
13. A control method of a focus adjustment device includ-
ing an i1mage sensor which receives a light flux passing
through an 1maging lens including a focus lens, performs
imaging, and then generates an image signal, the focus
adjustment device performing a focus adjustment in which
the focus lens 1s moved on the basis of the 1image signal, the
control method comprising:
setting focus detection regions inside a region to be
imaged by the image sensor, at least two of the focus
detection regions having at least parts 1n common and
being different in size from one another;
detecting, regarding each of the focus detection regions,
contrast of the image signal 1n the focus detection
region, and determining a movement direction of the
focus lens to be 1n focus on the basis of a change of the
contrast caused by the movement of the focus lens; and
causing the image sensor to repeat an 1maging operation
to generate consecutive frames of image data, and at the
same time, performing, on the basis of the movement
direction, one of a first focus adjustment operation to
move the focus lens while minutely vibrating the focus
lens to perform the focus adjustment, and a second
focus adjustment operation to perform the focus adjust-
ment while moving the focus lens 1n one direction,
wherein while the first focus adjustment operation 1is
performed, the control method repeatedly determines
whether or not the movement directions determined for
the respective focus detection regions are diflerent from
one another, and responsive to determining, for at least
a predetermined number of consecutive Iframes of
image data, that the movement directions of the respec-
tive focus detection regions are different from one
another, a switchover from the first focus adjustment
operation to the second focus adjustment operation 1s

inhibited.
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